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Abstract

Adopting green building technologies (GBTS) is critical to implementing sustainability within

the construction industry. Many barriers, drivers, and promotion strategies influence the GBTs

adoption. Appreciating these barriers, drivers, and promotion strategies and how they influence

GBTs adoption is core to the successful promotion of GBTs adoption. However, there appears

to be no studies developing quantitative models to explain how various types of barriers, drivers,

and promotion strategies influence GBTs adoption, especially in developing countries such as

Ghana. This research aims to investigate and model the influences of various types of barriers,

drivers, and promotion strategies on GBTs adoption in Ghana. Data were collected through a

questionnaire survey with 43 professionals with green building experience. Partial least squares

structural equation modeling (PLS-SEM) was used to analyze the data. The results showed that:
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(1) government-related barriers have a significant negative influence on GBTs adoption; (2)
company-related drivers have a significant positive influence on GBTs adoption; and (3) two
promotion strategies — “government regulations and standards” and “incentives and R&D
support” — would have significant positive influences on GBTs adoption. In conclusion, this
study highlights the need to reinforce the government’s participation in the promotion of GBTs
adoption. The findings can help policy makers and practitioners promote GBTs adoption in the
construction industry. Based upon the results, an implementation strategy (IPS) to help promote
GBTs adoption is proposed. Regarding the quantitative influences of barriers, drivers, and
promotion strategies on GBTs adoption, the findings of this study are arguably the first to be
presented for the construction industry, and therefore contribute to the existing green building
body of knowledge.
Keywords: Green building technologies; Barriers; Drivers; Promotion strategies; Developing
countries; Structural equation modeling.
1. Introduction

The construction industry has significant environmental, social, and economic impacts on
the community. For example, the construction industry is responsible for more than 40% of the
total global energy consumption and accounts for more than 40% of the global greenhouse gas
emissions (International Energy Agency (IEA), 2013). Reducing these impacts could play a
significant role in sustainable development. Hence, green or sustainable building has captured
the attention of construction experts and researchers around the world and has been promoted
by numerous governments (Zuo and Zhao, 2014). Green building is “the practice of creating
structures and using processes that are environmentally responsible and resource-efficient
throughout a building’s lifecycle” (US Environmental Protection Agency (USEPA), 2016). To

successfully implement green building, it is necessary to adopt green building technologies
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(GBTSs). Typical examples of GBTs are solar technology and green roof technology (Zhang et
al., 2011).

Many barriers, drivers, and promotion strategies influence GBTs adoption. Understanding
these barriers, drivers, and promotion strategies is of key importance to the promotion of GBTs
adoption. Thus, several studies have been carried out to analyze the barriers (e.g., Zhang et al.,
2011; Chan et al., 2016), drivers (e.g., Love et al., 2012; Darko et al., 2017a), and promotion
strategies (e.g., Darko et al., 2017a; Chan et al., 2017) of GBTs and practices adoption. In spite
of their undoubted value, these studies have some limitations that need to be addressed in order
to promote and accelerate the more widespread adoption of GBTs within developing countries.
It is worth noting that the adoption of GBTs has been slower within developing countries than
within developed countries (Mao et al., 2015; Darko and Chan, 2018). As alleged by the World
Green Building Council (WorldGBC) (2018), “different countries and regions have a variety
of characteristics such as distinctive climatic conditions, unique cultures and traditions, diverse
building types and ages, or wide-ranging environmental, economic and social priorities — all of
which shape their approach to green building.” In addition, GBTs and practices adoption is an
effort that has the potential to contribute towards achieving sustainability, and Kates and Clark
(1999) and Hosseini et al. (2018) contended that sustainability has a context-specific nature, as
society’s developmental goals must be realized in efforts to achieve sustainability. These issues
suggest that green building is not the same across the globe, and that it is essential to understand
how GBTSs and practices adoption can be promoted within specific countries and regions so as
to achieve sustainability. Analyzing the barriers, drivers, and promotion strategies of GBTs and
practices adoption plays a crucial role in understanding how to promote the GBTs and practices
adoption. However, research relating to the barriers, drivers, and promotion strategies of GBTs
adoption in developing countries such as Ghana has been inadequate, as evinced by Darko and

Chan (2016) and Darko et al. (2017b). Moreover, existing studies on the barriers, drivers, and
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promotion strategies of GBTs and practices adoption appear to be predominantly based upon
qualitative and descriptive analyses (Love et al., 2012; Durdyev et al., 2018), and as such there
still remains very little knowledge about the quantitative influences of various types of barriers,
drivers, and promotion strategies on GBTs adoption in the construction industry. Researchers,
policy makers, industry practitioners and stakeholders, as well as advocates are interested in
not only which GBTs adoption barriers, drivers, and promotion strategies are more critical or
important, but also which barriers, drivers, and promotion strategies are significantly correlated
to GBTs adoption. Ning (2014) examined the quantitative influences of barriers and drivers on
network strategies adoption in construction projects and indicated that such an examination is
beneficial to the successful adoption of network strategies. It is therefore worthwhile to carry
out a similar examination within the context of GBTs adoption in the construction industry.

Furthermore, despite structural equation modeling (SEM) receiving considerable attention
in construction research (Xiong et al., 2015), Onuoha et al. (2018) pointed out that it is hard to
find green building-related studies that are based on SEM. In particular, with respect to Ghana,
such kind of studies are nonexistent. The present research applies partial least squares structural
equation modeling (PLS-SEM) to develop quantitative models to elucidate the influences of
various types of barriers, drivers, and promotion strategies on GBTs adoption.

In the light of the above background, this study aims to examine and model the quantitative
influences of various types of barriers, drivers, and promotion strategies on GBTs adoption in
the construction industry with reference to Ghana. This study is significant because its findings
could be useful in at least two ways. First, the findings on barriers and promotion strategies can
help policy makers, industry stakeholders, and advocates develop proper strategies to promote
GBTSs adoption. Second, the findings on drivers may guide the GBTs adoption decision-making
of practitioners and companies. As the studies investigating the influences of barriers, drivers,

and promotion strategies on GBTs adoption are scarce, this research expands the existing green
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building literature through proposing a framework that explains how various barriers, drivers,
and promotion strategies influence the GBTs adoption. Likewise, with the help of the findings
of this study, foreign and international organizations as well as advocates seeking to implement
and promote GBTs within Ghana could possess prior practical knowledge of issues that might
influence their activities and prepare for them. Ultimately, this research benefits the sustainable
development of the construction industry in general.

Although the adoption of GBTs in Ghana has been slow and still in its early stages, Ghana
remains one of the few developing countries that are making attempts to achieve major progress
in the adoption and implementation of GBTSs. For instance, Ghana has successfully launched
the first LEED-certified green hospital in Africa, which is the Ridge Hospital (Bubbs, 2017),
and the first green commercial office building in West Africa, which is the One Airport Square
(ArchDaily, 2015). Various GBTSs, e.g., solar water heating technology, rainwater harvesting
technology, and natural ventilation technology were implemented in these projects. These show
that Ghana provides a good context for research to understand the typical GBTs adoption issues
within a typical developing country. Thus, although this study is focused on Ghana, the findings
and implications might be of benefit to policy makers in other (especially developing) countries
worldwide. Moreover, this study’s methodology and framework can be used in other countries
and could assist in better understanding which issues should be highlighted in GBTs adoption
and promotion activities. It is therefore believed that this study would significantly contribute
to the global green building body of knowledge.

2. Research framework and hypotheses development
2.1. Research framework

Research framework is useful for developing new knowledge (Agherdien, 2007) and could

be based upon theory and/or logic (Simon and Goes, 2011). The framework used for this study

has a theoretical basis. Aktas and Ozorhon (2015) observed that previous green building-related
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studies had not developed frameworks for analyzing the green building adoption process. As a
result, drawing on existing frameworks for analyzing the general innovation process within the
construction industry, they developed a framework to analyze the green building adoption
process. It was reasonable to do so since green building has been considered an innovation in
the construction industry (Yudelson, 2007; Potbhare et al., 2009). Aktas and Ozorhon’s (2015)
framework highlights drivers, barriers, enablers, benefits, resources, and impacts as key issues
associated with the green building adoption process. And it aims at allowing a comprehensive
analysis to attain a deeper understanding of the whole green building adoption process. Based
on Aktas and Ozorhon’s (2015) framework, a framework (Fig. 1) is proposed for guiding the
investigation of the influences of barriers, drivers, and promotion strategies on GBTs adoption
in the present study. The proposed framework should be more useful for gaining a better
understanding of the myriad issues associated with GBTs adoption than analyzing the issues
separately in separate research papers. Inside this proposed framework, whereas barriers
represent the problems that prevent stakeholders from adopting GBTSs, drivers and promotion
strategies motivate stakeholders to adopt GBTSs; drivers represent the benefits of GBTs
adoption, and promotion strategies represent factors such as government regulations and
incentives. Therefore, similar to Aktas and Ozorhon (2015), while barriers are assigned
negative sign (-) in the proposed framework, drivers and promotion strategies are assigned
positive sign (+). This informs the directions of the research hypotheses, and what it means is
that the drivers and promotion strategies work together against the barriers. These three issues
collectively influence the decision to adopt GBTs, therefore it is more appropriate to analyze

them simultaneously.

Drivers
Barriers ) GBTs adoption (+)
Promotion
strategies
6
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Fig. 1. Research framework.
2.2. Hypotheses development

This research focuses on three broad issues — barriers, drivers, and promotion strategies —
and examines how they influence GBTs adoption. GBTs adoption has been widely deemed as
vital for enhancing the sustainability of the construction industry (Love et al., 2012; Chan et
al., 2017). To promote GBTs adoption and thus improve the sustainability of the construction
industry, a large research project was conducted. During the first phases of this research project,
Chan et al. (2018) identified a total number of 20 critical barriers to GBTs adoption within the
Ghanaian construction industry and categorized them into five constructs — government-related
barriers (GRB), human-related barriers (HRB), knowledge and information-related barriers
(KIRB), market-related barriers (MRB), and cost and risk-related barriers (CRRB). Since a
comprehensive understanding of barriers is necessary for developing appropriate strategies to
overcome the barriers and promote the adoption of GBTSs, the analysis of barriers is worthwhile.
Additionally, Darko et al. (2017c) identified a total number of 16 key drivers for GBTs
adoption inside the Ghanaian construction industry and categorized them into five constructs:
environment-related drivers (ERD), company-related drivers (CRD), economy and health-
related drivers (EHRD), cost and energy-related drivers (CERD), and industry-related drivers
(IRD). These drivers, as benefits to be gained from GBTs adoption, when better understood
and widely promoted in society, can encourage the adoption of GBTs. Furthermore, Darko and
Chan (2018) identified 15 important strategies to promote GBTs adoption in Ghana and
categorized them into five constructs: government regulations and standards (GRS), incentives
and research and development support (IRDS), awareness and publicity programs (APP),
education and information dissemination (EID), and awards and recognition (AR). Identifying
and implementing proper promotion strategies could greatly help to promote the more

widespread adoption of GBTSs.
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Table 1 presents the 15 constructs — i.e., the aforesaid constructs for barriers, drivers, and
promotion strategies — and their respective measurement items, which are adapted in this study
to investigate the influences of barriers, drivers, and promotion strategies on GBTs adoption.
That is to say, the present study builds on the studies of Chan et al. (2018), Darko et al. (2017c),
and Darko and Chan (2018). GBTs adoption in the present study is measured using six items,
which are also presented in Table 1. Firstly, Lam et al. (2009) used some eight items to assess
the state of green specifications adoption in Hong Kong. Later, Shi et al. (2013) adapted these
items to also assess the state of green construction adoption in China. The measurement items
of GBTs adoption were thus developed based on the studies of Lam et al. (2009) and Shi et al.
(2013), with some modifications to suit the present study.

Table 1

Constructs and their respective measurement items (Adapted from Chan et al., 2018, Darko et
al., 2017c, Darko and Chan, 2018, Lam et al., 2009, and Shi et al., 2013).

Constructs Code Measurement items
Barriers to GBTs adoption
Government-related barriers (GRB) GRB1 Lack of government incentives

GRB2 Lack of green building polices and regulations
GRB3 Lack of GBTs promotion by government
GRB4 Lack of local institutes and facilities for GBTs R&D
GRB5 Lack of green building rating systems and labeling programs
GRB6 Lack of demonstration projects
GRB7 Lack of green building technological training for project staff
Human-related barriers (HRB) HRB1 Resistance to change from the use of traditional technologies
HRB2 Lack of importance attached to GBTs by senior management
HRB3 Unfamiliarity of construction professionals with GBTs
HRB4 Unavailability of GBTs suppliers
HRB5 Lack of financing schemes (e.g., bank loans)
Knowledge and information-related barriers KIRB1  Lack of professional knowledge and expertise in GBTs
(KIRB)
KIRB2  Lack of GBTs databases and information
KIRB3  Lack of awareness of GBTs and their benefits
Market-related barriers (MRB) MRB1 Unavailability of GBTSs in the local market
MRB2  Lack of interest from clients and market demand
MRB3  Limited experience with the use of nontraditional procurement

methods
Cost and risk-related barriers (CRRB) CRRB1 Higher costs of GBTs
CRRB2 Risks and uncertainties involved in adopting new technologies
Drivers for GBTs adoption
Environment-related drivers (ERD) ERD1 Reduced environmental impact
ERD2 Improved indoor environmental quality

ERD3 Greater water efficiency
ERD4 Non-renewable resources conservation
ERD5 High return on investment
Company-related drivers (CRD) CRD1 Company image and reputation
CRD2 Improved occupants’ productivity
CRD3 Better workplace environment
CRD4 Increased building value
Economy and health-related drivers (EHRD) EHRD1 Reduced use of construction materials in the economy
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EHRD2 Improved occupants’ health and well-being
EHRD3  Job creation opportunity

Cost and energy-related drivers (CERD) CERD1 Reduced whole lifecycle costs
CERD2 Greater energy efficiency

Industry-related drivers (IRD) IRD1 Setting a standard for future design and construction
IRD2 Facilitating a culture of best practice sharing

Promotion strategies for GBTs adoption
Government regulations and standards GRS1 Mandatory green building policies and regulations
(GRS)
GRS2 Green rating and labeling programs
GRS3 Better enforcement of green building policies after they have
been developed
GRS4 Awvailability of competent and proactive GBTs promotion
teams and local authorities
Incentives and R&D support (IRDS) IRDS1  Financial and further market-based incentives for GBTs
adoption
IRDS2 A strengthened GBTs R&D
IRDS3  Low-interest loans and subsidies from government and
financial institutions
Awareness and publicity programs (APP) APP1 Public environmental awareness creation through workshops,
seminars, and conferences
APP2 More publicity through media (e.g., print media, radio,
television, and internet)
APP3 Support from executive management
Education and information dissemination EID1 GBTs-related educational and training programs for
(EID) developers, contractors, and policy makers
EID2 Availability of better information on cost and benefits of GBTs
EID3 Auvailability of institutional framework for effective GBTs
implementation
Awards and recognition (AR) AR1 Acknowledging and rewarding GBTs adopters publicly
AR2 More GBTs adoption advocacy by the Ghana Environmental
Protection Agency

GBTSs adoption
GBTs adoption (GA) GAl Specifications should consider GBTs
GA2 Current construction has not sufficiently considered GBTs
GA3 GBTs information and databases are not adequately available
in your company
GA4 Our senior management is willing to support GBTs adoption

GA5 GBTs adoption should be forced by government
GA6 Guides for implementing GBTs cannot be easily found in
Ghana

Note: R&D = Research and development.

Comprehensive literature reviews regarding the barriers, drivers, and promotion strategies
of GBTs and practices adoption are presented by Chan et al. (2018), Darko et al. (2017c), and
Darko and Chan (2018), respectively. In addition, Darko and Chan (2017) and Darko et al.
(2017b), respectively, published comprehensive literature review studies regarding the barriers
and drivers of GBTs and practices adoption. Insights from the literatures generally suggest that
barriers can make it difficult for stakeholders to adopt GBTSs; that is, barriers have a potentially
negative influence on GBTs adoption. On the other hand, drivers and promotion strategies have

been argued to drive stakeholders to adopt GBTS; that is, drivers and promotion strategies have
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a potentially positive influence on GBTs adoption. In the light of these insights and the research
framework (Fig. 1), the following research hypotheses are proposed:

Hla: Government-related barriers have a negative influence on GBTs adoption.

H1b: Human-related barriers have a negative influence on GBTs adoption.

H1c: Knowledge and information-related barriers have a negative influence on GBTs
adoption.

H1d: Market-related barriers have a negative influence on GBTs adoption.

H1e: Cost and risk-related barriers have a negative influence on GBTs adoption.

H2a: Environment-related drivers have a positive influence on GBTs adoption.

H2b: Company-related drivers have a positive influence on GBTs adoption.

H2c: Economy and health-related drivers have a positive influence on GBTs adoption.

H2d: Cost and energy-related drivers have a positive influence on GBTs adoption.

H2e: Industry-related drivers have a positive influence on GBTs adoption.

H3a: Government regulations and standards would have a positive influence on GBTs
adoption.

H3b: Incentives and R&D support would have a positive influence on GBTs adoption.

H3c: Awareness and publicity programs would have a positive influence on GBTs adoption.

H3d: Education and information dissemination would have a positive influence on GBTs
adoption.

H3e: Awards and recognition would have a positive influence on GBTs adoption.
The hypothetical model is presented in Fig. 2. The hypotheses are tested in this study, and the
results contribute to deepening the understanding of the roles of different factors in hindering
or fostering the adoption of GBTs. Such an understanding is crucial to help policy makers and
stakeholders formulate and implement appropriate policies and strategies to advance the GBTs

adoption.

10
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Fig. 2. Hypothetical model of the barriers, drivers, and promotion strategies influencing GBTs adoption.
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3. Research methodology
3.1. Data collection

As a systematic approach to data collection based on a sample, the method of questionnaire
survey has seen wide usage in green building research (Zhao et al., 2016; Hwang et al., 2017).
Besides, the questionnaire survey method is an effective method to achieve “quantifiability and
objectiveness” (Ackroyd and Hughes, 1981). For these reasons, in order to investigate the
influences of barriers, drivers, and promotion strategies on GBTs adoption, a questionnaire
survey was carried out. The survey questionnaire contained six sections. The first section
explained the research objective and presented contact details. The second section was
designed to gather background information of the respondents, including their company types,
professions, industrial experience, and green building experience. Within the third section, the
respondents were asked to assess the measurement items of GBTs adoption. Within the fourth
section, the respondents were asked to rate the measurement items of GBTs adoption barriers.
Within the fifth section, the respondents were asked to assess the measurement items of GBTs
adoption drivers. Finally, within the sixth section, the respondents were requested to assess the
measurement items of GBTs adoption promotion strategies. All of the assessments were made
using five-point Likert scales. Table 2 shows the various five-point Likert scales adopted in the
survey questionnaire for specific questions. This research applied the five-point Likert scales
in accordance with the “seven plus or minus two” principle proposed by Miller (1956), which
made it easy for the respondents to express their views. Additionally, the five-point Likert scale
has been widely recommended (Ekanayake and Ofori, 2004; Zhang et al., 2011) because of its

advantage to yield unambiguous results.

Table 2

Five-point Likert scales used in the survey questionnaire.
Assessment scores Linguistic terms
1 Strongly disagree? Not critical® Not important®
2 Disagree? Less critical® Less important®
3 Neutral® Neutral® Neutral®
4 Agree? Critical® Important®

12
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5 Strongly agree® Very critical® Very important®

Note: 2 The five-point Likert scale applied within the third and fifth sections of the survey questionnaire;
b The five-point Likert scale applied within the fourth section of the survey questionnaire;
¢ The five-point Likert scale applied within the sixth section of the survey questionnaire.

The population comprised all industry practitioners with knowledge and understanding of
GBTs adoption in Ghana. Since there was no sampling frame for this study, the sample was a
nonprobability sample (Zhao et al., 2014). The nonprobability sampling technique can be used
to achieve a representative sample (Patton, 2001). It is appropriate when a random sampling
method cannot be used to select respondents from the population, but the respondents can rather
be selected based on their willingness to participate in the research study (Wilkins, 2011). Thus,
a snowball sampling method was used in this study to attain a valid and effective overall sample
size. This method was also used in previous construction engineering and management studies
(Zhang et al., 2011; Mao et al., 2015), and it allows the gathering and sharing of information
and respondents through referral or social networks. Local companies that have been directly
involved in the development of green building projects in Ghana were approached to identify
the initial respondents. Within the Ghanaian context, this study defines green building projects
as building projects that have either obtained the Green Star of South Africa certification or the
Leadership in Energy and Environmental Design of the US certification. Currently, these are
the two main green building certification systems applied in Ghana (Darko et al., 2017c). The
initially identified respondents were asked to share information regarding other knowledgeable
participants. Using this approach, 96 questionnaires were distributed to collect responses from
contractor, consultant, and developer companies. Eventually, 43 completed questionnaires with
valid answers were returned, corresponding to a 44.8% response rate. This sample size satisfied
the recommendation that a sample size should be above 30 for the central limit theorem to hold
true (Ott and Longnecker, 2010). Also, because GBTs have not been widely adopted within

the Ghanaian construction industry, the number of experienced professionals is limited.

13
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Furthermore, the sample size was high compared with the earlier green building studies that
used sample sizes of 31 (Zhao et al., 2016) and 39 (Shen et al., 2017a).

The background information of the respondents is shown in Table 3. With company types,
37, 33, and 30% of the respondents were from consultant, contractor, and developer companies,
respectively. In terms of professions, engineers (30%) formed the majority of the respondents,
followed by quantity surveyors (26%), and architects (21%) and project managers (21%). With
regard to the working experience of the respondents in the construction industry, the major
portion (86%) of the respondents had more than 5 years’ working experience; only 14% had 1-
5 years” working experience. Moreover, all the respondents had experience in green building,
with 56% having 1-3 years’ experience, 25% having 4-6 years’ experience, and 19% having
over 6 years’ experience. In light of the few green building projects launched in Ghana in recent

years, this result could be deemed reasonable. The respondents’ industrial and green building

experience helped to ensure and enhance the reliability of the research findings.

Table 3
Background information of the respondents.

Characteristics Frequency Percentage

Company types
Consultant 16 37
Contractor 14 33
Developer 13 30

Professions
Engineer 13 30
Quantity surveyor 11 26
Architect 9 21
Project manager 9 21
Contracts manager 1 2

Years of working experience in the construction industry
1-5 years 6 14
6-10 years 17 40
11-15 years 10 23
16-20 years 3 7
> 20 years 7 16

Years of experience in green building
1-3 years 24 56
4-6 years 11 25
> 6 years 8 19

3.2. Data analysis

14
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In order to test the hypotheses, SEM, which is a multivariate statistical analysis technique,
was conducted. SEM involves two kinds of variables, namely observable variables and latent
variables. Whereas the observable variables (hereafter referred to as measurement items) are
variables that can be directly measured, the latent variables (hereafter referred to as constructs)
are variables that cannot be directly measured and therefore are inferred from the measurement
items. SEM not only tests hypotheses among measurement items and constructs, but it also
employs a confirmatory approach to evaluate a structural hypothetical model based upon a
phenomenon (Byrne, 2013). In other words, SEM evaluates direct and indirect relationships
among one or several independent variables and one or several dependent variables. Due to the
fact that SEM goes beyond the traditional multiple regression analysis, analysis of variance,
and factor analysis (Ozorhon and Oral, 2017), SEM was selected as the method of analysis in
this research. Moreover, different from the multivariate regression analysis and factor analysis,
SEM has the ability to conduct both confirmatory factor analysis (CFA) and path analysis at
the same time within a single structural equation model (Lim et al., 2012; Xiong et al., 2015).
A typical structural equation model consists of a set of measurement models and a structural
model. While a measurement model evaluates the relationships among a construct and the
measurement items within the domain of the construct, a structural model displays the
relationships among constructs (Hair et al., 2014a).

There are two approaches to SEM, the covariance-based SEM (CB-SEM) approach and the
variance-based PLS-SEM approach. Unlike CB-SEM, PLS-SEM can handle small sample
sizes and nonnormal data (Hair et al., 2014a, b). This advantage over CB-SEM has made PLS-
SEM popular in construction engineering and management research of late. For example, with
a sample size of 35 professionals, Zhao and Singhaputtangkul (2016) used PLS-SEM to
investigate the impacts of firm characteristics on enterprise risk management within Chinese

construction firms; and Aibinu et al. (2011) utilized PLS-SEM to examine the relation between
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cooperative behavior and organizational justice in construction, with a sample of 41 contractors.
Thus, similarly, the present study adopted PLS-SEM, using SmartPLS 3.2.7 software, to test
the research hypotheses and validate the hypothetical models.

CFA can test the relationships among measurement items and their construct (Zhao et al.,
2014). In this research, the measurement items and the constructs used inside the measurement
and structural models, respectively, are presented in Table 1. According to Hair et al. (2014a),
after specifying the measurement and structural models, the reliability and validity of the
measurement items within the measurement models ought to be evaluated. Evaluating the
measurement models is vital because it helps to ensure that the constructs, which form the basis
for evaluating the relationships hypothesized in the structural model, are accurately represented
and measured, thereby verifying the adequacy of the measurement models for the path analysis.

Reliability refers to the extent to which measurement of constructs with multi-item scale
reflects the accurate scores of the constructs relative to the error (Hulland, 1999). Composite
reliability score and Cronbach’s alpha coefficient were used to assess the internal consistency
reliability of the measurement items representing and measuring each construct. In this respect,
while composite reliability score and Cronbach’s alpha coefficient are similar and have the
same interpretation (Aibinu and Al-Lawati, 2010), composite reliability scores should be above
0.70 (Hair et al., 1998) and Cronbach’s alpha coefficients should be 0.70 or higher (Nunnally,
1978). Once reliability has been assessed, validity, which includes convergent validity and
discriminant validity of the constructs, must be assessed. Factor loadings represent the bivariate
correlations between measurement items and their corresponding construct and are the means
through which the measurement items are linked to the construct (Hair et al., 2014a). For a
satisfactory level of convergent validity, each measurement item needs to have a factor loading
of 0.50 or higher (Hulland, 1999) and the average variance extracted (AVE) of each construct

should also be 0.50 or higher (Fornell and Larcker, 1981). AVE can be simply defined as the
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grand mean value of the squared loadings of a set of measurement items and is equivalent to a
construct’s communality (Hair et al., 2014a, b). Discriminant validity tests whether a construct
measures what it is originally intended to measure; simply put, discriminant validity tests the
extent to which a construct is different from other constructs. To assess discriminant validity,
two techniques were used. First, Fornell and Larcker (1981) criterion, which states that the
variance that a construct shares with its measurement items is higher than what it shares with
any other construct, was used. In this respect, each construct’s AVE should be more than the
highest squared correlation with any other construct. Second, examination of the cross loadings
of the measurement items was conducted to verify discriminant validity. In this respect, each
measurement item’s loading on its respective construct must be greater than the cross loadings
on other constructs (Chin, 1998).

Path coefficients represent the hypothesized relationships linking constructs (Hair et al.,
2014a). After verifying the reliability and validity of the measurement models, the significance
of path coefficients must be estimated in order to test the hypotheses inside the structural model.
To this end, the bootstrapping technique (Davison and Hinkley, 1997; Helm et al., 2009) was
used. Bootstrapping is a versatile technique useful for estimating the distribution of any statistic
for any kind of distribution (Jack et al., 2001). Following Hair et al.’s (2014b) recommendation,
in this research, the number of bootstrap subsamples was 5,000, and the number of cases was
equal to the number of responses (i.e., 43). Using such a large number of bootstrap subsamples
is essential to ensure stability of the results. The critical t-values for a two-tailed test were 1.65
(significance level = 10%), 1.96 (significance level = 5%) and 2.58 (significance level = 1%)
(Hair et al., 2014b). The analysis results are presented and discussed in the following sections.
4. Results
4.1. Barriers

4.1.1. Evaluation of measurement models
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Tables 4-6 show the evaluation results of the measurement models in the model of barriers
influencing GBTs adoption (Fig. 3). As the CFA factor loading of the measurement item MRB2
was lower than 0.50, it was deleted from the list of measurement items (Table 4). It should be
noted that after the deletion of any measurement item that required deletion, the analysis was
rerun; this procedure was repeated until reliable and valid measurement models were achieved.
This study involves only reflective measurement items because the constructs cause the items;
that is, the arrows in Figs. 3-5 point from the constructs to the measurement items. Hair et al.
(2014a) stated that reflective measurement items are extremely correlated, interchangeable, and
some can be omitted without changing the meaning of the construct. Besides, Nunnally (1978)
argued that measurement items with low loadings can be dropped because their contribution to
the explanatory power of the model would be insignificant, thus biasing the estimations of other

measurement items.

Table 4
Measurement model evaluation (for barriers model).
Construct Measurement item code  Factor loading  Cronbach’s alpha  Composite reliability AVE
GRB GRB1 0.647 0.841 0.872 0.551
GRB2 0.788 - - -
GRB3 0.780 - - -
GRB4 0.738 - - -
GRB5 0.828 - - -
GRB6 0.677 - - -
GRB7 0.634 - - -
HRB HRB1 0.678 0.776 0.782 0.539
HRB2 0.574 - - -
HRB3 0.974 - - -
HRB4 0.510 - - -
HRB5 0.714 - - -
KIRB KIRB1 0.875 0.822 0.894 0.734
KIRB2 0.893 - - -
KIRB3 0.805 - - -
MRB MRB1 0.628 0.744 0.771 0.569
MRB3 0.994 - - -
CRRB CRRB1 0.860 0.786 0.792 0.576
CRRB2 0.642 - - -
GA GAl 0.675 0.737 0.763 0.616
GA2 0.718 - - -
GA3 0.617 - - -
GA4 0.709 - - -
GA5 0.597 - - —
GA6 0.684 - - -

Note: The measurement item MRB2 was removed from the initial model because its factor loading (0.387) was below 0.50;
GRB = Government-related barriers; HRB = Human-related barriers; KIRB = Knowledge and information-related barriers;
MRB = Market-related barriers; CRRB = Cost and risk-related barriers; GA = GBTs adoption; AVE = Average variance
extracted.
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Table 5

Discriminant validity of constructs (for barriers model).

Construct GRB HRB KIRB MRB CRRB GA
GRB 0.708 - — - - -
HRB 0.439 0.662 — - - -
KIRB 0.430 0.361 0.859 - - -
MRB 0.379 0.201 0.274 0.754 - -
CRRB 0.082 0.075 0.014 0.075 0.759 -
GA 0.558 0.225 0.326 0.427 0.233 0.563

Note: The bold diagonal values are the square root of average variance extracted of each construct, while the other values are
the correlations amongst constructs; GRB = Government-related barriers; HRB = Human-related barriers; KIRB = Knowledge
and information-related barriers; MRB = Market-related barriers; CRRB = Cost and risk-related barriers; GA = GBTs adoption.

Table 6
Cross loadings of measurement items (for barriers model).
Measurement item code GRB HRB KIRB MRB CRRB GA
GRB1 0.647 0.325 0.298 0.383 0.084 0.402
GRB2 0.788 0.204 0.187 0.237 0.244 0.309
GRB3 0.780 0.470 0.326 0.256 0.107 0.468
GRB4 0.738 0.181 0.370 0.223 0.036 0.402
GRB5 0.828 0.378 0.267 0.258 0.144 0.425
GRB6 0.677 0.368 0.441 0.333 0.144 0.380
GRB7 0.634 0.269 0.154 0.160 0.039 0.084
HRB1 0.264 0.678 0.045 0.131 0.161 0.056
HRB2 0.209 0.574 0.058 0.176 0.077 0.016
HRB3 0.456 0.974 0.398 0.200 0.072 0.251
HRB4 0.166 0510 0.200 0.178 0.116 0.033
HRB5 0.342 0.714 0.437 0.330 0.027 0.017
KIRB1 0.310 0.315 0.875 0.280 0.041 0.232
KIRB2 0.375 0.243 0.893 0.257 0.130 0.322
KIRB3 0.413 0.384 0.805 0.170 0.082 0.272
MRB1 0.250 0.146 0.177 0.628 0.387 0.051
MRB3 0.365 0.192 0.305 0.994 0.080 0.438
CRRB1 0.059 0.056 0.031 0.112 0.860 0.208
CRRB2 0.069 0.231 0.020 0.022 0.642 0.138
GAl 0.356 0.180 0.041 0.266 0.250 0.675
GA2 0.291 0.203 0.051 0.137 0.060 0.718
GA3 0.052 0.032 0.245 0.376 0.018 0.617
GA4 0.382 0.181 0.376 0.356 0.201 0.709
GAS 0.221 0.081 0.188 0.286 0.017 0.597
GA6 0.455 0.093 0.160 0.054 0.128 0.684

Note: Bold values show that each measurement item had the highest loading on its respective construct; GRB = Government-
related barriers; HRB = Human-related barriers; KIRB = Knowledge and information-related barriers; MRB = Market-related

barriers; CRRB = Cost and risk-related barriers; GA = GBTs adoption.
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Fig. 3. Final structural equation model of barriers influencing GBTs adoption.

As Table 4 shows, all Cronbach’s alpha coefficients and composite reliability scores were
above 0.70, indicating an acceptable level of internal consistency reliability of the measurement
items. In addition, all factor loadings and AVESs were above 0.50, which provides evidence of
convergent validity of the constructs. An AVE above 0.50 indicates that the construct explains
more than 50% of the variance in its measurement items, which is satisfactory. Moreover, as
shown in Table 5, no correlation amongst any two constructs exceeded the square roots of their
AVEs, providing the first evidence of discriminant validity of the constructs. Further evidence
of discriminant validity is provided by examining the cross loadings of the measurement items.
Table 6 shows that there is no cross-loading problem, as each measurement item had the highest
loading on its corresponding construct. These results show that the measurement models were

reliable and valid for the structural path modeling.
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4.1.2. Evaluation of structural model

Table 7 shows the bootstrapping results for the barriers model. The results show that the
path linking government-related barriers to GBTs adoption had a t-value greater than 1.96,
implying that it was statistically significant at the 0.05 level. Therefore, hypothesis Hla was
supported. Path coefficients are equivalents of regression weights (Ozorhon and Oral, 2017).
The higher the path coefficient, the stronger the influence of an independent variable on the
dependent variable (Aibinu and Al-Lawati, 2010). As Murari (2015) advised, a path coefficient
ranging from 0.1 to 0.3 indicates a weak influence, 0.3 to 0.5 indicates a moderate influence,
and 0.5 to 1.0 indicates a strong influence. In this research, hypothesis H1a, which is the only
supported hypothesis in the barriers model, had a path coefficient of 0.553, indicating a strong
influence. In contrast, the results did not provide support for hypotheses H1b, Hic, H1d, and
H1e; these hypotheses had low path coefficients with t-values below 1.65, 1.96, or 2.58. These
results show that the influences of human-related barriers, knowledge and information-related
barriers, market-related barriers, and cost and risk-related barriers on GBTs adoption were not
significant. The final structural equation model depicting the influence of each barrier on GBTs
adoption is illustrated in Fig. 3. The coefficient of determination (R?) of the dependent variable,
GBTs adoption, was 0.506, indicating a satisfactory level of predictive accuracy and therefore

quality of the model (Hair et al., 2014a).

Table 7

Structural model evaluation (for barriers model).
Hypothetical path Path coefficient t-Value p-Value Interpretation
Hla: GRB — GA 0.553 2.327 0.020* Supported
H1b: HRB — GA 0.065 0.277 0.782 Not supported
Hlc: KIRB — GA 0.100 0.610 0.542 Not supported
H1d: MRB — GA 0.232 1.156 0.248 Not supported
Hle: CRRB — GA 0.186 0.737 0.461 Not supported

Note: * The path coefficient is significant at p < 0.05; GRB = Government-related barriers; HRB = Human-related barriers;
KIRB = Knowledge and information-related barriers; MRB = Market-related barriers; CRRB = Cost and risk-related barriers;
GA = GBTs adoption.

4.2. Drivers

4.2.1. Evaluation of measurement models
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Tables 8-10 show the evaluation results of the measurement models in the model of drivers
influencing GBTs adoption (Fig. 4). As the CFA factor loadings of the measurement items
GA2, GA4, and GA6 were lower than 0.50, they were deleted from the list of measurement
items (Table 8). Also, it could be noted from the results in Table 8 that the construct GA had a
Cronbach’s alpha coefficient lower than 0.70; however, since its composite reliability score
was above 0.70, it is still considered that its measurement items have an acceptable level of
internal consistency reliability. This is because composite reliability provides a more proper
measure of internal consistency reliability than Cronbach’s alpha (Fornell and Larcker, 1981;
Hair et al., 2014a) for certain reasons. For example, composite reliability does not assume that
all measurement items have equal loadings as Cronbach’s alpha does (Hair et al., 2014a). Also,
Cronbach’s alpha is sensitive to the number of measurement items within the scale and usually
underestimates internal consistency reliability, whereas composite reliability aids PLS-SEM to
accommodate different measurement item reliabilities and avoid the underestimation related to
Cronbach’s alpha (Hair et al., 2014a).

Apart from the two observations above, the interpretation of the results of the measurement

models herein (Tables 8-10) is the same as the interpretation of results in section 4.1.1.

Table 8
Measurement model evaluation (for drivers model).
Construct Measurement item code  Factor loading  Cronbach’s alpha  Composite reliability AVE
ERD ERD1 0.756 0.814 0.856 0.553
ERD2 0.789 - - -
ERD3 0.808 - - -
ERD4 0.533 - - -
ERD5 0.854 - - -
CRD CRD1 0.725 0.768 0.848 0.584
CRD2 0.752 - - -
CRD3 0.728 - - -
CRD4 0.846 - - -
EHRD EHRD1 0.757 0.745 0.849 0.653
EHRD2 0.836 - - -
EHRD3 0.829 - - -
CERD CERD1 0.893 0.737 0.884 0.792
CERD2 0.886 - - -
IRD IRD1 0.954 0.744 0.876 0.781
IRD2 0.807 - - -
GA GAl 0.859 0.624 0.795 0.583
GA3 0.546 - - -
GA5 0.901 - — —
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454 Note: The measurement items GA2, GA4, and GA6 were removed from the initial model because their factor loadings (0.344,
455 0.417, and 0.033, respectively) were below 0.50; ERD = Environment-related drivers; CRD = Company-related drivers; EHRD
456 = Economy and health-related drivers; CERD = Cost and energy-related drivers; IRD = Industry-related drivers; GA = GBTs
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457 adoption; AVE = Average variance extracted.
458
459 Table9
460  Discriminant validity of constructs (for drivers model).
Construct ERD CRD EHRD CERD IRD GA
ERD 0.743 - - - - -
CRD 0.628 0.764 - - - -
EHRD 0.535 0.548 0.808 - - -
CERD 0.397 0.366 0.348 0.890 - -
IRD 0.351 0.426 0.380 0.355 0.884 -
GA 0.331 0.710 0.394 0.452 0.453 0.763
461 Note: The bold diagonal values are the square root of average variance extracted of each construct, while the other values are
462 the correlations amongst constructs; ERD = Environment-related drivers; CRD = Company-related drivers; EHRD = Economy
463 and health-related drivers; CERD = Cost and energy-related drivers; IRD = Industry-related drivers; GA = GBTs adoption.
464
465 Table 10
466  Cross loadings of measurement items (for drivers model).
Measurement item code ERD CRD EHRD CERD IRD GA
ERD1 0.756 0.279 0.295 0.171 0.224 0.150
ERD2 0.789 0.512 0.326 0.375 0.364 0.206
ERD3 0.808 0.405 0.502 0.511 0.355 0.232
ERD4 0.533 0.230 0.359 0.288 0.149 0.021
ERD5 0.854 0.669 0.503 0.234 0.227 0.381
CRD1 0.323 0.725 0.347 0.210 0.315 0.477
CRD2 0.560 0.752 0.545 0.393 0.326 0.426
CRD3 0.700 0.728 0.536 0.291 0.306 0.438
CRD4 0.421 0.846 0.338 0.262 0.355 0.736
EHRD1 0.402 0.308 0.757 0.168 0.188 0.396
EHRD2 0.591 0.447 0.836 0.391 0.341 0.363
EHRD3 0.297 0.522 0.829 0.237 0.232 0.351
CERD1 0.377 0.342 0.372 0.893 0.249 0.408
CERD2 0.328 0.308 0.246 0.886 0.384 0.396
IRD1 0.301 0.389 0.374 0.372 0.954 0.491
IRD2 0.350 0.378 0.284 0.221 0.807 0.250
GAl 0.265 0.613 0.304 0.331 0.373 0.859
GA3 0.189 0.295 0.107 0.214 0.070 0.546
GA5 0.300 0.647 0.412 0.453 0.475 0.901
467 Note: Bold values show that each measurement item had the highest loading on its respective construct; ERD = Environment-
468 related drivers; CRD = Company-related drivers; EHRD = Economy and health-related drivers; CERD = Cost and energy-
469 related drivers; IRD = Industry-related drivers; GA = GBTs adoption.
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Fig. 4. Final structural equation model of drivers influencing GBTs adoption.
4.2.2. Evaluation of structural model

Table 11 shows the bootstrapping results for the drivers models. The results show that the
path linking company-related drivers to GBTs adoption had a t-value greater than 2.58,
implying that it was statistically significant at the 0.01 level. Therefore, hypothesis H2b was
supported; this is the only supported hypothesis within the drivers model and it had a path
coefficient of 0.731, indicating a strong influence. On the other hand, the results did not provide
support for hypotheses H2a, H2c, H2d, and H2e; these hypotheses had low path coefficients
with t-values below 1.65, 1.96, or 2.58. These results show that the influences of environment-
related drivers, economy and health-related drivers, cost and energy-related drivers, and
industry-related drivers on GBTs adoption were not significant. The final structural equation
model depicting the influence of each driver on GBTs adoption is illustrated in Fig. 4. The R?
of GBTs adoption was 0.672, indicating a satisfactory level of predictive accuracy and hence

quality of the model (Hair et al., 2014a).
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Table 11

Structural model evaluation (for drivers model).

Hypothetical path Path coefficient t-Value p-Value Interpretation
H2a: ERD — GA 0.277 1.590 0.112 Not supported
H2b: CRD — GA 0.731 4.095 0.000** Supported

H2c: EHRD — GA 0.001 0.005 0.996 Not supported
H2d: CERD — GA 0.240 1.596 0.110 Not supported
H2e: IRD — GA 0.154 0.934 0.350 Not supported

Note: ** The path coefficient is significant at p < 0.01; ERD = Environment-related drivers; CRD = Company-related drivers;
EHRD = Economy and health-related drivers; CERD = Cost and energy-related drivers; IRD = Industry-related drivers; GA

= GBTs adoption.

4.3. Promotion strategies

4.3.1. Evaluation of measurement models

Tables 12-14 show the evaluation results of the measurement models within the model of
promotion strategies influencing GBTs adoption (Fig. 5). As the CFA factor loadings of the
measurement items GRS3 and GA6 were lower than 0.50, they were deleted from the list of
measurement items (Table 12). Apart from this observation, the interpretation of the results of

the measurement models herein (Tables 12-14) is the same as the interpretation of results in

section 4.1.1.

Table 12

Measurement model evaluation (for promotion strategies model).

Construct Measurement item code  Factor loading  Cronbach’s alpha  Composite reliability AVE

GRS GRS1 0.898 0.814 0.890 0.731
GRS2 0.925 - - -
GRS4 0.729 - - -

IRDS IRDS1 0.992 0.763 0.767 0.551
IRDS2 0.508 - - -
IRDS3 0.708 - - -

APP APP1 0.670 0.785 0.830 0.626
APP2 0.713 - - -
APP3 0.960 - - -

EID EID1 0.866 0.800 0.881 0.712
EID2 0.785 - - -
EID3 0.877 - - -

AR AR1 0.713 0.802 0.876 0.659
AR?2 0.946 - - -

GA GAl 0.917 0.766 0.895 0.809
GA2 0.723 - - -
GA3 0.656 - - -
GA4 0.711 - - -
GA5 0.882 - - -

Note: The measurement items GRS3 and GA6 were removed from the initial model because their factor loadings (0.408 and
0.321, respectively) were below 0.50; GRS = Government regulations and standards; IRDS = Incentives and R&D support;
APP = Awareness and publicity programs; EID = Education and information dissemination; AR = Awards and recognition;
GA = GBTs adoption; AVE = Average variance extracted.

Table 13
Discriminant validity of constructs (for promotion strategies model).
Construct GRS IRDS APP AR GA
GRS 0.855 - - _ —
25



IRDS 0.079 0.742 -
APP 0.406 0.197 0.791

; EID 0.476 0.208 0.366 0.844 - -
3 AR 0.004 0.005 0.195 0.001 0.836 -
4 GA 0.509 0.058 0.216 0.173 0.180 0.900
512 Note: The bold diagonal values are the square root of average variance extracted of each construct, while the other values are
S 513 the correlations amongst constructs; GRS = Government regulations and standards; IRDS = Incentives and R&D support; APP
6 514 = Awareness and publicity programs; EID = Education and information dissemination; AR = Awards and recognition; GA =
7 515 GBTs adoption.
g 516
10 517 Table 14
11 518  Cross loadings of measurement items (for promotion strategies model).
12 Measurement item code GRS IRDS APP EID AR GA
13 GRS1 0.898 0.103 0.277 0.249 0.011 0.457
14 GRS2 0.925 0.057 0.347 0.472 0.052 0.497
15 GRS4 0.729 0.209 0.458 0.545 0.080 0.334
16 IRDS1 0.075 0.992 0.208 0.206 0.007 0.061
IRDS2 0.271 0.508 0.248 0.374 0.090 0.004
17 IRDS3 0.166 0.708 0.136 0.298 0.041 0.012
18 APP1 0.191 0.224 0.670 0.339 0.147 0.061
19 APP2 0.131 0.193 0.713 0.480 0.131 0.057
20 APP3 0.446 0.154 0.960 0.278 0.185 0.249
21 EID1 0.340 0.056 0.196 0.866 0.033 0.176
22 EID2 0.410 0.261 0.398 0.785 0.080 0.130
23 EID3 0.486 0.260 0.379 0.877 0.043 0.119
24 AR1 0.079 0.337 0.254 0.309 0.713 0.084
25 AR2 0.004 0.005 0.195 0.001 0.946 0.180
26 GAl 0.486 0.061 0.216 0.193 0.232 0.917
GA2 0.234 0.432 0.057 0.344 0.212 0.723
27 GA3 0.054 0.287 0.199 0.088 0.391 0.656
28 GA4 0.401 0.263 0.345 0.167 0.072 0.711
29 GA5 0.426 0.186 0.169 0.111 0.079 0.882

30 519 Note: Bold values show that each measurement item had the highest loading on its respective construct; GRS = Government
31 520 regulations and standards; IRDS = Incentives and R&D support; APP = Awareness and publicity programs; EID = Education
32 521 and information dissemination; AR = Awards and recognition; GA = GBTs adoption.
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Fig. 5. Final structural equation model of promotion strategies influencing GBTs adoption.
4.3.2. Evaluation of structural model

Table 15 shows the bootstrapping results for the promotion strategies model. The results
show that the path linking government regulations and standards to GBTs adoption had a t-
value greater than 2.58, implying that it was statistically significant at the 0.01 level. Thus,
hypothesis H3a was supported; this hypothesis had a path coefficient of 0.560, indicating a
strong influence. Moreover, the path linking incentives and R&D support to GBTs adoption
had a t-value greater than 1.96, suggesting that it was statistically significant at the 0.05 level.
Hence, hypothesis H3b was supported with a path coefficient of 0.413, indicating that although
the influences of both “government regulations and standards” (GRS) and “incentives and
R&D support” (IRDS) on GBTs adoption were significant, the influence of GRS was stronger

than that of IRDS. As for hypotheses H3c, H3d, and H3e, they had low path coefficients with
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t-values below 1.65, 1.96, or 2.58, indicating that they were not supported. That is to say, the
influences of awareness and publicity programs, education and information dissemination, and
awards and recognition on GBTs adoption were not significant. The final structural equation
model depicting the influence of each promotion strategy on GBTs adoption is illustrated in
Fig. 5. The R? of GBTs adoption was 0.444, which indicates a satisfactory level of predictive

accuracy and hence quality of the model (Hair et al., 2014a).

Table 15

Structural model evaluation (for promotion strategies model).
Hypothetical path Path coefficient t-Value p-Value Interpretation
H3a: GRS — GA 0.560 2.928 0.003** Supported
H3b: IRDS — GA 0.413 2.106 0.032* Supported
H3c: APP — GA 0.021 0.105 0.917 Not supported
H3d: EID — GA 0.094 0.505 0.614 Not supported
H3e: AR — GA 0.186 1.413 0.158 Not supported

Note: ** The path coefficient is significant at p < 0.01; * The path coefficient is significant at p < 0.05. GRS = Government
regulations and standards; IRDS = Incentives and R&D support; APP = Awareness and publicity programs; EID =
Education and information dissemination; AR = Awards and recognition; GA = GBTs adoption.

5. Discussion

In this study, a model was proposed to investigate the influences of various barriers, drivers,
and promotion strategies on GBTs adoption within the construction industry. The validity of
the model was tested based upon data collected from the developing country of Ghana. This
section discusses the results of the PLS-SEM.
5.1. Barriers

The PLS-SEM results supported a significantly negative influence of government-related
barriers on GBTs adoption. Further, the results suggest that government-related barriers are the
most significant barrier hindering the adoption of GBTs in the Ghanaian construction industry.
The result can be interpreted that the higher the government-related barriers, the lower the level
of GBTSs adoption. The research finding is consistent with Djokoto et al. (2014), who pointed
out that the adoption of sustainable construction has been low in Ghana because of the lack of
government support. Government-related barriers have been considered major barriers to the

adoption of GBTs and practices in various other countries as well. For example, in China, Shen
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et al. (2017b) identified that lack of incentives from the government is one of the significant
barriers encountered in green procurement adoption; while in Singapore, Hwang et al. (2017)
found that lack of government support is a top barrier inhibiting green business parks adoption.
Government-related barriers in this study (Table 1) refer to issues that fall within the purview
of government (Chan et al., 2018) and hence their resolution may, to a large extent, require the
government’s interventions. Because governmental initiatives, such as green building policies
and regulations as well as incentives, that could encourage GBTs adoption among construction
stakeholders are currently absent in Ghana (Darko et al., 2017c), GBTs adoption is significantly
negatively influenced by government-related barriers (path coefficient of 0.553). The lack of
government incentives leads to lack of motivation and better financial foundation for many
stakeholders to deal with the high investment that might be required for the adoption of GBTS;
the high investment may be in terms of finance, time, and human resource (Zailani et al., 2017).
Similarly, lack of green building policies and regulations as well as authoritative rating systems
may obstruct GBTs adoption because there would be no regulatory or mandatory requirements
from the policy makers for companies and the stakeholders to comply with, and therefore they
might not be committed to GBTs adoption. Likewise, successful GBTs adoption and promotion
requires increased public awareness of the benefits of GBTs (Sadig, 2018). Hence, the lack of
R&D initiatives to improve the understanding of GBTs and their benefits significantly impedes
GBTs adoption. Additionally, both government promotion of GBTs and demonstration projects
are vital for increasing the pace of GBTs adoption because they help validate the effectiveness
of the GBTSs to the general public (Potbhare et al., 2009). As a result, the lack of promotion by
government and the lack of demonstration projects hamper GBTs adoption within the industry
and the public.

On the contrary, this study found that human-related barriers, knowledge and information-

related barriers, market-related barriers, and cost and risk-related barriers are not significantly
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linked to GBTs adoption. This suggests that these groups of barriers do not significantly affect
GBTs adoption within the Ghanaian construction industry. According to Hwang et al. (2017),
at the initial stage of GBTs adoption, the government practically holds the leading and central
role in promoting GBTSs adoption; the government-oriented approaches, such as technical and
financial supports, green policies and regulations, and incentives, are critical to attracting the
industrial practitioners and stakeholders to adopt GBTSs. This could explain why at the present
stage of GBTs adoption within Ghana, government-related barriers are the only barrier with a
significant negative influence on GBTs adoption. Besides, the research finding that knowledge
and information-related barriers do not have a significant influence on GBTs adoption is in line
with Zailani et al. (2017), who discovered that information-related barriers do not have a
significant influence on product return management adoption, which is a sustainable business
practice. Furthermore, lack of importance attached to GBTSs by senior management and limited
experience with the use of nontraditional procurement methods, for example, which are within
the human-related barriers and the market-related barriers, respectively, were found to be
insignificant barriers of GBTs adoption in Darko et al.’s (2017a) study as well. Nevertheless,
the insignificant influence of cost and risk-related barriers is still an interesting finding of this
research, as cost is one of the most cited barriers to adopting GBTs and practices (Dwaikat and
Ali, 2016; Darko and Chan, 2017). This finding may be because the respondents believed that
promotion strategies such as the government providing relevant incentives can help offset the
additional cost involved in adopting GBTSs.
5.2. Drivers

The PLS-SEM results revealed that company-related drivers have a significant positive
influence on GBTs adoption. The results further suggest that company-related drivers are the
governing drivers of GBTs adoption in the Ghanaian construction industry (path coefficient of

0.731). This is in line with the result of Ozorhon and Oral’s (2017) study, in which firm-related
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drivers were found to have a positive influence on driving innovation within the construction
industry. This research finding may be because GBTs adoption is a relatively new practice in
Ghana and many individuals are still unaware of the individual-level benefits (Darko et al.,
2017b) associated with it. In consequence, the companies with experienced professionals who
are aware of the benefits that the company can gain by investing in GBTs adoption are leading
and driving the GBTs adoption activity. At the company level, there are a number of benefits
that can be derived from the adoption of GBTSs, including good company image and reputation,
improved productivity, better workplace environment, and increased building value. Previous
studies stress the importance of these benefits in driving GBTs adoption (Zhang et al., 2011;
Darko et al., 2017b). Because company-related drivers could provide sound reasons for GBTs
adoption, they should serve as a motivation for GBTs adoption. Corporate social responsibility
(CSR) is an indispensable factor for companies to improve their public image and reputation
(Zitzler et al., 2000), and GBTs adoption is a useful means for companies to demonstrate their
commitment to CSR and environmental sustainability (Zhang et al., 2018). Hence, in order to
improve company image and reputation, GBTs adoption is advised. The case studies presented
by Zhang et al. (2011) indicated that GBTs adoption helped developer companies to improve
their public image and reputation as well as their competitiveness. These benefits significantly
drive GBTs adoption because the good public image, for example, allows the company to more
easily attract high-income customers. Specifically, the good image allows the company to trade
its green buildings at relatively higher prices. Increased building value remains a noteworthy
driver as green buildings generally have higher market values than non-green buildings (Chan
et al., 2016). Management should be concerned about the productivity of employees. Improved
productivity is another key driver and it encourages companies to implement GBTs. Previous
studies indicated that adopting GBTSs in a company building would result in more productive

employees (Issa et al., 2010; Al Horr et al., 2016). In this respect, it has been identified that
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GBTs adoption could help to increase the productivity of employees by 6 to 25% (Rocky
Mountain Institute, 1998; Paul and Taylor, 2008). These productivity benefits could be linked
to the better workplace environment that can be achieved through GBTs adoption. For example,
GBTs such as green roof could help to provide better thermal comfort for employees to improve
their productivity, which can translate into financial benefits for the company. Hence, improved
productivity can greatly drive a company to adopt GBTSs. In conclusion, this study suggests
that company-related drivers are the major driver of GBTs adoption. When considering GBTs
adoption, companies (e.g., developer and construction companies) must not merely consider
the possible high investment cost; they must also carefully think about and evaluate the
potential benefits. In addition, they must be aware that while some benefits might be short-
term, others might be long-term. This could help them sustain their commitment to GBTs
adoption.

Conversely, this study found that environment-related drivers, economy and health-related
drivers, cost and energy-related drivers, and industry-related drivers are not significantly linked
to GBTs adoption. This infers that these driver groups are not leading drivers of GBTs adoption
within the Ghanaian construction industry. However, when cost and energy-related drivers, for
example, must be analyzed, greater energy efficiency should be highlighted as a critical issue
because Ghana has over the last four decades seen several major energy crises (Agyarko, 2013;
Gyamfi et al., 2018).

5.3. Promotion strategies

The analysis results infer that government regulations and standards are the most significant
strategy to promote GBTs adoption in the developing country of Ghana, followed by incentives
and R&D support. This may further explain why government-related barriers were also deemed
the most significant barrier that hinders the GBTs adoption because it is rational to assume that

government regulations and standards may greatly help overcome government-related barriers
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such as the lack of green building policies and regulations. This result may also imply that the
respondents were consistent in their responses, contributing to the reliability of the results. The
results indicated that government regulations and standards would have a significant positive
influence on GBTSs adoption. While there are several compelling arguments in the literature
that support this finding (Wong et al., 2016), quantifying the influence of government
regulations and standards on GBTs adoption has been given very little scholarly attention.
Mulligan et al. (2014) showed that there is little research on the connection between
government regulation and the adoption of GBTs and practices. This study has quantified the
influence of government regulations and standards in terms of promoting the adoption of GBTs
and found that government regulations and standards would have a strong positive influence
(path coefficient of 0.560). Government regulations and standards would have a significant
influence on GBTSs adoption because they would exert regulatory pressure on companies and
stakeholders to adopt GBTs. As evidenced by Shen et al. (2017a), regulatory pressure is the
main reason for stakeholders to adopt GBTs and practices. Gou et al. (2013) also showed that
the adoption of GBTs and practices is one of the activities within the construction industry that
“if you don’t legislate, people won’t start to do it” (p. 170). The present study implies that with
mandatory green building policies and regulations in place, the Ghanaian government could
significantly promote the adoption of GBTs. Faced with mandatory requirements from the
government, stakeholders would have no other choice than to adopt GBTSs in their projects in
order to avoid fines and penalties due to noncompliance. However, after creating these policies
and regulations, the government should attach great importance to their enforcement. This is
because, owing to the lack of enforcement, construction stakeholders in some countries have
reported low levels of awareness and usage of many of the green policies and regulations that
have been issued and enacted by the policy makers (Mulligan et al., 2014). Therefore, better

enforcement of green building policies after they have been developed is essential to promoting
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GBTs adoption. Likewise, green building rating systems are among the important strategies to
promote the GBTs adoption. This agrees with Li et al. (2017), who stated that the establishment
of reliable and effective green building rating systems is highly important to promoting green
building. To promote GBTs adoption, green building rating systems need to be developed and
implemented. Ghana however, at present, does not have its own green building rating systems
and hence applies the US’s LEED and the South Africa’s Green Star rating systems. Although
these international rating systems may be helpful in promoting GBTs adoption in Ghana, it
would be more useful to create localized rating systems taking into account local sustainability
priorities. In this respect, the government and other relevant stakeholders (e.g., advocates and
NGO’s) should help the Ghana Green Building Council to create relevant green building rating
systems. This might also be a promising area for researchers to explore. Another key promotion
strategy is availability of competent and proactive GBTs promotion teams and local authorities.
According to DuBose et al. (2007), GBTs adoption stands a higher chance of success if there
are strong champions to promote it. The study by Blayse and Manley (2004) also indicated that
the presence of strong champions plays a pivotal role in promoting innovations, including green
innovation, in the construction industry.

The statistical analysis results also showed that incentives and R&D support would have a
significant positive influence on GBTs adoption (path coefficient of 0.413). Several previous
studies concur that the strategy of providing green building incentives is extremely important
to stimulating the adoption of GBTs and practices (Qian et al., 2016; Shazmin et al., 2016).
The research finding is also in parallel with that of Fernandez et al., (2018), wherein it was
identified that spending on R&D contributes positively to the implementation of sustainable
development initiatives. Firstly, as defined by Ozdemir (2000, p.13), an incentive is “something
that influences people to act in certain ways”. Within the construction industry, green building

incentives motivate and compel stakeholders to adopt GBTSs in their projects. Generally, there
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are two main categories of incentives provided by local authorities to promote the adoption of
GBTs, which are financial and nonfinancial incentives. While financial incentives aim to offset
the extra cost involved in adopting GBTSs, nonfinancial incentives provide additional benefits
or rights (e.g., technical assistance) to the GBTs adopter. To greatly promote GBTs adoption,
the provision of financial incentives, such as direct grants, discounted development application
fees, and tax reliefs, is recommended to the government of Ghana. These financial incentives
should be provided to stakeholders and firms that support GBTs adoption. Several other
countries in the world including the United States, Italy, Spain, Romania, Canada, and Bulgaria
(Shazmin et al., 2016) have also adopted financial incentives in promoting GBTs adoption; the
Ghanaian government can learn from the experiences of these countries. Also, GBTs adoption
would be promoted if the government and financial institutions provide low-interest loans to
stakeholders who use GBTs (The State of Michigan, 2010; Shan et al., 2017). For the
nonfinancial incentives, the government could adopt the gross floor area concession scheme,
for example, which has been widely adopted to promote GBTs adoption in developed countries
including Hong Kong and Singapore (Qian et al., 2016). Furthermore, having a strong R&D
base in green technology would greatly help promote GBTs adoption as R&D is essential for
developing innovative technologies and solutions (Zhang, 2015), and for studying the potential
benefits of these innovations. Essentially, the result of this study provides additional support
and argument for policy makers to promote GBTs R&D expenditure in both the public and
private sectors. The government allocating a certain budget to establish green technology R&D
centers and institutes would play an important part in shaping and promoting the adoption of
GBTs.

On the other hand, this study found that awareness and publicity programs, education and
information dissemination, and awards and recognition are not significantly linked to GBTs

adoption. This suggests that these promotion strategy groups would not greatly influence GBTs
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adoption within the Ghanaian construction industry. The findings might be associated with the
fact that effective green building regulations and incentives were regarded as more important
to promote the adoption of GBTSs than strategies that are linked to awareness and education.
This research highlights the need to reinforce the government’s participation in promoting
GBTs adoption. Using the promotion strategies of “government regulations and standards” and
“incentives and R&D support” to overcome the government-related barriers may significantly
help to promote the GBTs adoption. Similarly, it could be concluded that companies, such as
developer, contractor, and consultant companies, have a key role to play in the adoption and
promotion of GBTS, so they should consider the potential benefits of GBTs and be committed
to GBTs adoption. This study has investigated the influences of various kinds of barriers,
drivers, and promotion strategies on GBTs adoption. Based on the findings, an implementation
strategy (IPS) for the promotion of GBTs adoption is proposed and illustrated in Fig. 6. This
IPS has been proposed based on the findings from Ghana. Though it might be useful for other
countries, following this study’s methodology, similar IPSs could be developed for any other
country. To ensure the effectiveness of the proposed IPS, only the issues that were found to be
significantly linked to the GBTs adoption were included in the IPS. Moreover, since it is only
when potential adopters are motivated to adopt GBTSs that they will think about the potential
barriers (Potbhare et al., 2009), the identification of the significant drivers of the GBTs
adoption is put as the first step within the IPS. As the significant drivers can motivate and lead
companies to implement GBTSs, it is necessary to promote them in the industry and the public.
Identification of the significant barriers is the second step in the IPS, and the third step is the
identification of the significant strategies to remove the barriers and promote GBTs adoption.
A validation of the proposed IPS via a validation survey with five of the industry professionals

who participated in the questionnaire survey for this study indicated that the IPS is credible and
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reasonable. Thus, policy makers, practitioners, and advocates can apply this IPS in their efforts

to promote the adoption of GBTSs in the construction industry.

Company-related drivers
Identify the - Company image and reputation Promote these drivers
Step 1 significant drivers of - Improved productivity » in the industry and the
GBTs adoption - Better workplace environment general public
- Increased building value

Government-related barriers

v - Lack of government incentives

- Lack of green building policies and regulations

- Lack of GBTs promotion by government

- Lack of local institutes and facilities for GBTs R&D

- Lack of green building rating systems and labeling programs
- Lack of demonstration projects

- Lack of green building technological training for project staff

f

Apply these strategies to overcome these barriers

Identify the
Step 2 significant barriers to
GBTs adoption

b

Government regulations and standards

- Mandatory green building policies and regulations

- Green rating and labeling programs

- Better enforcement of green building policies after they have been developed

- Awvailability of competent and proactive GBTs promotion teams and local authorities
Incentives and R&D support

- Financial and further market-based incentives for GBTs adoption

- A strengthened GBTs R&D

- Low-interest loans and subsidies from government and financial institutions

Identify the
significant strategies
to promote the GBTs
adoption

Step 3

Fig. 6. An implementation strategy to promote GBTs adoption.

6. Conclusions

GBTs adoption
promotion

GBTs adoption in the construction industry has been documented as a critical step towards

global sustainable development. Various barriers, drivers, and promotion strategies influence

GBTs adoption inside the construction industry. However, little is known about the quantitative

influences of barriers, drivers, and promotion strategies upon GBTs adoption. This study aimed

at examining and modeling the quantitative influences of various types of barriers, drivers, and

promotion strategies upon GBTs adoption within the Ghanaian construction industry. The data

were collected via a questionnaire survey with 43 professionals with green building experience.

PLS-SEM was used to analyze the data and the results showed that government-related barriers
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have a significant negative influence on GBTs adoption. Additionally, the results indicated that
company-related drivers have a significant positive influence on GBTs adoption. Furthermore,
it was found that “government regulations and standards” and “incentives and R&D support”
are two promotion strategies that would have significant positive influences on GBTs adoption.

The practical implication is that to promote GBTs adoption in Ghana, the government needs
to take a proactive role. For example, if incentives are provided for GBTs adoption, the lack of
government incentives barrier can be addressed, and stakeholders would be motivated to adopt
GBTs. Likewise, the lack of green building policies and regulations barrier could be addressed
if the government and other public policy makers enact mandatory green building policies and
regulations that would form regulatory pressure for companies and stakeholders to adopt GBTS.
The policy makers should also promote GBTs R&D within both the public and private sectors.
As per the results, company-related drivers are the major driver of the GBTs adoption. Thus, it
may be necessary for companies to fully support and promote GBTs adoption because that may
help them enhance their public image and reputation, improve their productivity, and gain other
benefits.

The findings and models resulting from this research could be of great value and utility for
researchers, policy makers, industry practitioners, and advocates seeking empirical quantitative
evidence and explanations vis-a-vis the influences of barriers, drivers, and promotion strategies
upon GBTs adoption within the construction industry. A clear understanding of which barriers,
drivers, and promotion strategies could significantly influence GBTs adoption is beneficial to
the successful adoption and promotion of GBTs in the construction industry. The awareness of
the barriers and promotion strategies that are significantly correlated to GBTs adoption can aid
policy makers and advocates to devise strategies to mitigate the barriers and hence promote the
GBTs adoption. The appreciation of the drivers may help developer, contractor, and consultant

companies understand the important benefits GBTs adoption could offer, and thereafter help
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them make more informed decisions vis-a-vis whether or not to adopt GBTs. To the green
building body of knowledge, the key contribution this study makes is developing quantitative
models that explicate how various types of barriers, drivers, and promotion strategies influence
GBTs adoption in the construction industry.

Though the research aim was achieved, there are some limitations to the conclusions. First,
although the sample was adequate to perform the PLS-SEM, it is nevertheless a relatively small
sample. However, the findings of this study still provide invaluable insights into the influences
of different types of barriers, drivers, and promotion strategies on GBTs adoption and, when
appropriately used, would definitely help in promoting GBTs adoption. In addition, because of
the lack of a sampling frame for this study, the nonprobability sampling approach was used. In
spite of the inherent limitation, this sampling approach was suitable for selecting respondents
upon the basis of their willingness to participate in the research, rather than selecting them from
the population randomly. Lastly, since the findings were mainly interpreted within the context
of Ghana, there might be some limitations on generalizations, which is a common problem of
country-specific studies.

Nonetheless, the findings and implications of this research may be useful to policy makers,
practitioners, stakeholders, and advocates in other, especially developing, countries around the
world. In addition, this study may be useful to foreign and international organizations interested
in implementing and promoting GBTs within Ghana. Based on the findings, an implementation
strategy that could help policy makers, practitioners, and advocates promote GBTs adoption
within the construction industry was proposed. While this implementation strategy could help
to promote GBTs adoption within Ghana at this early stage of GBTs adoption and development,
when the GBTs adoption activity becomes more mature, similar future studies should be done.
These future studies are necessary because the barriers and drivers might change over time and,

therefore, they might help to refine and improve the promotion strategies as well as the overall
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implementation strategy. Moreover, as part of the findings of this research, invaluable insights
are offered into strategies to promote GBTs adoption. However, this research did not touch on
the way forward for the government to implement these strategies, therefore warranting future
research in this direction. Besides, the method in this study could be adopted to investigate the
influences of barriers, drivers, and promotion strategies upon GBTs adoption in other countries,
and the findings could be based upon to propose localized implementation strategies to help to
more efficiently promote the widespread adoption of GBTs within those countries.
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